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© Compounds active as inhibitors of the enzyme KMG-CoA reductase and pharmaceutical 
compositions containing them. 

© Compounds of formula 
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wherein Ft, Ri t rR2, R 3f R* and Z have the meanings reported in the specification, 
and intermediates for their preparation are described. 

The compounds of formula I have antiatherosclerotic activity as inhibitors of the enzyme HMG-CoA 
reductase and they are useful in the pharmaceutical field. 

Compositions for pharmaceutical use containing a compound of formula ( as active ingredient are described 

too. 
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COMPOUNDS ACTIVE AS INHIBITORS OF THE ENZYME HMG-COA REDUCTASE AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING THEM 



The present invention relates to compounds with pharmacological activity and, more particularly, it 
relates to compounds having anti-atherosclerotic activity as inhibitors of 3-hydroxy-3-metoyi-glutaryl-CoA 
reductase {HMG-CoA reductase),~the rate controlling enzyme in cholesterol biosynthesis. 

Compounds having a complex structure in which a mevaJotactone moiety is contained are known to 
s control and inhibit the activity of HMG-CoA reductase. Among these, for example. Lovastatin (Merck Index, 
XI ed.. No. 5460, page 878), isolated as fungai metabolite from Monas cus ruber and from Aspergillus 
terreus. and Mevastatin (Merck Index, XI ed., No. 6088. page 969), isolatad~SilUngal meta bolite from 
Penicillum citrinum may be cited. 

Several derivatives of mevalolactone have been studied and, in particular, many arylaikyl derivatives of 
ro mevalolactone (wherein the aryl may be aiso a heterocycle) showed to be useful for treating hyper- 
lipldaemia. Among the disclosed compounds those in which the aryl is an 1 -substituted polyhydronaph- 
thalene (European patent application No. 283,123 - Merck & Co. Inc.), a 2-substituted imidazoie 
(International patent application 86/07054 - Sandoz AG.), a 2-substituted indole (International patent No 
application No. 84/02131 - Sandoz AG.) or an 1-substituted pyrrole (European patent application No. 
75 179,559 - Warner-Lambert Co.) may be cited. 

We have now found, and they are an object of the present invention, compounds of formula 
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wherein 

R is a hydrogen atom; 

Rl j s a hydroxyl or an -&R S group wherein Rs is a Ci-C 4 alkyi or a benzyl; 

or R and Ri , together, are a single bond between the oxygen atom and the carbonyl 
group; 

R 2 . Ra and FU. the same or different, are hydrogen atoms; Ct-Cs alkyl or alkoxy groups; C2-C5 

alkenyl groups; C3-C7 cycloalkyl or cycloalkylmethyl groups; halogen atoms; CF 3 or 
CN groups; phenyl or benzyl optionally substituted by 1 or 2 substituents selected 
among halogen atoms and Ci -C4 alky l;a pyridyl or N-oxide thereof; 
z ■ » s a -(CH2) m - group wherein m is 1 , 2 or 3 or a -CH 2 -CH = CH-group; * 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration; 
and, when Ri is a hydroxyl group, their pharmaceutically acceptable salts. 

Specific examples of alkyl, alkoxy, alkenyl and cycloalkyl are methyl, ethyl, propyl, Isopropyl, n.butyi; 
Isobutyl, tert-butyl, n.pentyl, Isopentyl, methoxy, ethoxy, propoxy, butoxy, isopropoxy, isobutoxy, tert-butoxy, 
vinyl, allyl, isopropenyl, cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 

Examples of suitable pharmaceutically acceptable salts are the salts with an alkali metal, for example 
sodium or potassium, and with an alkaline earth metal, for example calcium or magnesium, the sodium salt 
45 being preferred. 

Preferred compounds of formula I are the compounds wherein R 2 , Ra and FU. the same or different, are 
hydrogen atoms, Ct-C* alkyl or alkoxy groups. C2-C3 alkenyl groups. C s -Cs cycloalkyl or cycloalkylmethyl 
groups, phenyl or benzyl optionally substituted by 1 or 2 substituents selected among fluorine, chlorine, 
bromine atoms and methyl groups. 

More preferred compounds of formula I are the compounds wherein R 2 , Ra and R*. the same or 
different, are methyl, ethyl, propyl, isopropyl, tert-butyl, methoxy, ethoxy, propoxy, isopropoxy, allyl. 
isopropenyl, cyclopropyl, cyclobutyl, phenyl, 4-fluorophenyl, 4-chiorophenyl, 4-bromophenyl or 4-methyh 
phenyl; Z is a -{CH)2) ra - group wherein m is 2 or a -CH2-CH = CH- group. 

Specific examples of preferred compounds according to the present Invention are: 



60 



BEST AVAILABLE COPY 



r 



EP 0 436 851 A1 



6-[2-[4,5-dH4-fluorophenyl)-2Hsopropyl-imto^ 

/-I^S-di^^fhjorophenyl^-isopropyHmidazoM -yl>3,5-dihydroxy-heptanoic acid 

6- [344 t 5^K4-fluorophenyl)-2Wsc^ropyl-imidazol-1 -yl]-prop-1 -en-1 -ylh^ydroxy-tetrahydropyran-2-one 
8-{4,5-di-(4-f luorophenyl>2-isopropyHmidazoM -yl]-3,5-dihydroxy-6-actenoic acid 

6 6-{2-{5-(44luorophenyl)-4-(4-methylpheny^ 

7- [5-<4-fiuorophenyl)-4-(4-methy1ph acid 

6- [3-[5-(4-fluorophenylH-{4-methylphenyi)-2-isopropyl-rmidazol-1 -y l]-prop-1 -en-1 -yl]-4-hydroxy- 
tetrahydropyran-2-one 

8- f5-(4-fluorophenyJ)-4-(4-methylpte^ add 
jo 6-[2-(4,5-dlmethyL2-phenyMmidazo!-1-^ 

7- (4,5-dimemyl-2-phenyl-imidazol-l -yl)-3.5-dihydroxy-heptanoic acid 

5- tf-^.S-dimethyl^-phenyl-irnidazoM -yl)-prop-l -en-1 -yl]-4-hydroxy-tetrahydropyran-2-one 
^{^S-dimethyl^-phenyl-tmidazol-l -yO-S.S-dihydroxy-e-octenoic acid 

6- [2-[4-(4-chlorophenyl^^ 

is 7-{4^4-chlorophenyl)-5-(44luorophenv^^^ 

6-[344-{4-chlorophenyl)-5-(4-fluoroph8ny!)-2^sopropyl-imidazol-1 -y!]-prop-1 -en-1 -yl]-4-hydroxy- 
tetrahydropyran-2-one 

8- [4-(4-ch!orophenyl)-S-(4-ftuorophenyl)-2-isopropyl-imida20l-1 -yl]-3,5-dihydroxy-6-octenolc acid 
. 6-[2-(4,5-dipheny[-2-methyrHmida20l-1 -ylHmyl]-4-hydroxy-tetrahydropyran-2-one 

20 7-{4,5-diphenyl-2-methyl-imida20l-1 -yl)-3,5-dihydroxy-heptanoic acid 

5- tS-^S-diphenyl^methyl-imidazoM 

8-(4,5<ljphenyI-2-m©thyl-imidazol-1-yl>-3,5-dihydroxy-6-octenoic acid 

6- t2-[5-(4^hlorcphenyl)-4-{4-flucffoph 

7- [5-(4-chiorophenyl)-4-(4-ftuorophenyf^^^^ 

25 6H3-(5-(4~chIorophenyl)-4-^ .ylj.pfop.! . erH -y|j-4-hydroxy- 

tetrahydropyran-2-one 

8^5-(4-chlorophenylH~(4-f!^ ac id 
M2^4.5-di-(4~fluorophenyl)-2-cyclobijty^^ 

7-[4,5-dh(4-f!uorophenyO-2-cyclobutyNmida2oi-1 -yl)-3,5-dihydroxy-heptanoic acid 
30 6-[3-{4 l 5-di : (4-f!uorophenyl)-2-cyclobutyhimidazol-1 -y l]-prop-1 -en-1 -y!]-4-hydroxy-tetrahydropyran-2-one 
e^^i^fluorophenyi^-cyclobutyl-imidazof-l -yl]-3,5-dihydroxy-6-octenoic acid 

6- [2-[4,5-dK4-fluorophenyl)-2-tert-butyl-im^ 

7- t4,5-di-(4-fluoroph9nyf)-2-tert-butyl-lm!da2ol-1 -y l)-3,5-dihydroxy-heptanoic acid 

6-{3-[4 J 5-di-(4-fluorophenyl)-2-tei1-butyMmldazoi-1-yl>prop-1^nO-ylH-n^^ ■ 
35 8-[4,5-di-(4-fiuoroptenyl)-2-tert-bLfy^ acid 

6- [2-[4,5-dl-(4-fluoroph enyl)-2-cyciopropyl-im Idazol- 1 -yl]-ethyl]-4-hydroxy-tetrahydropyran-2-one 

7- [4,5-di-(4-nWophenyl)-2-cyclopropyl^ acid 

6- [3-f4 f 5-di-(4-fluorophehyl)-2-cyd^ 

8- [4,5-di-(4-fluorophenyl)-2-<tyclopropyl^ acid 
40 6-{2-[5-(4-fluorophenyl>-2Hsopropyl-4^ 

7- [5-{4-f!uorophenyl>2-isopropyl-4-phenyl-im^ acid 

6-[3-[5-(4-f luorophenyl)-2-i$opropyl-4-phenyHmidazoM -yl]-prop-1 -en-1 -yi]-4-hydroxy-tetrahydropy ran-2-one 

8- [5-(4-fluorophenyl)-2-isopropyl-4-phenyl-imida20i-1 -ylJ-3,5-dihydroxy-6-octenoic acid 
e-p-f^S^fl-^fluorophenyl^-isopropeny^ 

45 7-[4,5-di-(4-fIuorophenylh2-isopropenyHmidazoi-1-yi)-3 l 5-dihydroxy-heptanoic acid 

6-[3-[4,5-di-(4-fiuorophenyl)-2-isopropenyl-imidazol-1 -yI]-prop-1 -en-1 -yl]-4-hydroxy-tetrahydropyran-2-one 
8-[4,5-di-(4-ffuorophenyi)-2-isopropenyi-imidazol-1-yl]-3,5-dlhydroxy-B-octenoic acid 
and the corresponding pharmaceuticaliy acceptable salts, especially sodium salts. 

The compounds of formula I inhibit the activity of HMQ-CoA reductase and, therefore, they are useful as 
50 drugs in the antihypercholesterolemfc therapy, in the treatment of atherosclerosis and of hyperlipidaemia. 

The compounds of formula I exist in two forms, an open one when R = H (l-A) and a close one (i-B) 
which are easy interconvertible: 
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This conversion may be a chemical as welt as a biological conversion. Chemically, a compound of 
formula l-B can be transformed Into a salt of the corresponding compound of formula l-A <Ri =OH), for 
example by basic hydrolysis in mild conditions; the transformation of a compound of formula l-A into the 
corresponding compound of formula l-B can be carried out, instead, under acidic catalysis or by heating. 

Furthermore, a biological conversion of the mevaloJactons ring (compound l-B) into the corresponding 
acid (compound l-A, Ri = OH) usually occurs. 

In this connection, tt is worth noting that both compounds l-A and compounds l-B are pharmaceutical ly 
active. 

The preparation of the compounds of formula I is carried out by reacting an imidazole of formula 
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40 




ill) 



wherein 

Ffe, Rg and R* have the above reported meanings; 

X is a hydrogen atom or an alkali metal (preferably lithium or sodium) or a tetraalkylam- 

46 monfum group, 

with a compound of formula 



OR* OR, 



50 



Y — 2 — CH-CHa~CH-CH a -CO0R* 



(III) 



wherein 

55 Z has the above reported meanings; 

Rr is a hydrogen atom or a protecting group of the hydroxy selected among trisubstituted sflyl 
groups or the two Rs together are a 
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group wherein R? and Rs, the same or different are hydrogen atoms, aJkyl groups or phenyl 
groups; 

Ffe is a C1-C4 aikyl or a benzyl; 

Y is a leaving group or a group convertible into a leaving group selected among chlorine, bromine, 
iodine, hydroxy, triphenylmethoxy, methylsulfom/loxy, trifluoromethylsulfonyloxy, benzenesul- 
fonyloxy and p.toluenesulfonyloxy; 
the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration. 

The compounds of formula II wherein X=H are known in the literature" or they can be easily prepared 
by known methods. 

As an example, Japanese patent application No. 60/56961 [C.A., 103:87878)1, J- Am. Chem. Soc., 95, 
2695, (1973), J. Chem. Soc., 78. 307, (1956) and J. Heterocyci. Chem., 10, 697, (1973) can be cited. The 
compounds of formula II wherein X=Na or Li are prepared in the reaction environment by reacting the 
imidazole compound (H, X=H) with the corresponding alkali hydride under nitrogen atmosphere. 

The compounds of formula III wherein Z=-(CH2)2- (m=2) have been described in the European patent 
application No. 352864 (Zambon Group S.p.A.). while the compounds of formula III wherein Z = -CH 2 - 
,(m = 1), -{CH) 2 )8- (m = 3) or -CH2-CH = CH- are new and they are a further object of the present invention. 
Their preparation is described hereinafter (see scheme A). 

The reaction between compound II and compound III is carried out in an inert solvent selected, In 
particular, among aprotic dipolar solvents optionally in admixture with a chlorinated solvent, at a temperature 
between -20 *C and 50 "c and under anhydrous conditions. Preferably, R6 is different from hydrogen in 
compound III. 

By condensation between compound II and compound III, the compounds of formula l-A as esters 
(Ri =OR5) and with the hydroxyl groups protected as ORe groups are obtained. 

The deprotection of the hydroxyl groups according to known methods (for example In acetic acid) and, 
when desired, the hydrolysis of the ester group give the compounds l-A in which Ri =ORs and Ri =OH 
respectively. The latter compounds, if desired, can be sallfied according to known methods, by treatment 
with the suitable base. 

On the contrary, by treating the compound obtained by the condensation between compound li and 
compound III with aqueous hydrofluoric acid in the presence of water-soluble organic solvents (for example 
acetonitrile) at a temperature between 0* C and 70* C the compounds of formula l-B are obtained. The salts 
of the compounds of formula I may be also prepared by treating a compound of formula l-B with a base. 

The preparation of the compounds of formula III is carried out according to the reactions reported in the 
following scheme A and commented hereinafter. 



Scheme A 
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R,o-0-Z-CHO + CH 3 -C-CH a -COOR» 

0 0 (V) 



(IV) 



OH 0 

! B 

'« Rio-0-Z-CH-CH a -C-CH a -COOR» (VI) 

® 



75 



OH OH 0 

I ! il 

Rn o-0-Z-CH-CH a -CH-CH a -COR„ < VII ) 



20 



wherein 



R9 and 2 have the above reported meanings; 

Rio is a hydroxy protecting group selected, for example, between tetrahydropyranyl and 

25 triphenylmethyl; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration 

Reaction 1 In scheme A consists in reacting the known aldehydes oTformula IV with an acetoacetic 
ester (V). 

The reaction is carried out by preparing in situ the dianion of the acetoacetic ester by treatment with 

30 strong bases (lithium diisopropylamide or sodiunTHydrlde followed by butyl lithium) and then by adding a 

solution of the protected aldehyde (IV) in an ethereai solvent (tetrahydrofuran, dimethoxyethane) at a 

temperature between -15 C and 30 C in an anhydrous environment and under inert gas atmosphere. 

Similar reactions have been described in a paper published on Can. J. Chem., 52, 2157 (1974) 

Thus, compound VI is obtained and it is stereoselectively reduced (reaction 2 in scheme A) aivino 
35 compound VII. * 

The stereospecific reduction is carried out by using a borohydride (preferably sodium or zinc 
borohydnde) optionally in the presence of a trialkylborane (for example triethylborane) or of an alkoxydial- 
kylborane (for example methoxydlethy I borane) in a solvent inert under the reaction conditions, for example 
an alcohol (methanol, ethanol) or an ether (dimethoxyethane or tetrahydrofuran) or mixtures thereof, under 
40 inert atmosphere and at a temperature between -80 * C and 30 * C. 

The compounds of formula III are prepared from compound VII. For example, the hydroxy! groups can 
be protected by silyiation with the corresponding silylchloride, preferably a hindered silylchloride such as 
diphenyl-tert.butylsilylchloi1de in the presence of a base and in an inert solvent 

The transformations of the R, 0 -O- group into other groups comprised among the meanings of Y are 
45 earned out by known methods. 

For example, when R10 is tetrahydropyranyl, by treatment with acids in an inert solvent, the hydroxyl 
group is deprotected and then the compounds of formula IN wherein Y= OH are obtained. 

The reaction of these latters with a sulfonic acid halide in an inert solvent and in the presence of a base 
yields the compounds of formula III wherein Y is a methylsulfonyloxy, a trifluoromethylsulfonyioxy, a 
50 benzenesulfonyioxy or a p.toluenesulfonyloxy group. 

The preparation of the compounds of formula III wherein Y is a chlorine, bromine or iodine atom can be 
earned out from the corresponding alcohol by reaction with Ci 2f Br 2 or l 2 in the presence of triphenyl- 
phosphine in an inert solvent and at a temperature between 0 * C and 60 " C. 

The compounds of formula 111 wherein the Rs together are a 



Rt-C-Rs 
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group are prepared by ketaOzatioh that is by reacting a compound oJ formula III (wherein R* = H) or of 
formula VII with a carbonyl compound of formula R 7 -C(0)-Rs wherein R? and Rs have the above reported 
meanings. 

Alternatively, the preparation of the compounds of formula I is carried out by reacting an imidazole of 
formula II with a compound of formula VIII 



y — 2 — A CVIII) 



w 



wherein 

Y and Z have the above reported meanings; 

A is a masked aldehyde group, for example a ON group, an acetal group or a group easily 

convertible into an aldehyde group such as, for example, a protected alcohol, a carboxyl, an 
/5 ester or an amido group. 

Obviously, the selected group A will be compatible with the substituents of the imidazole. 
The reaction between a compound of formula II and a compound of formula VIII is carried out under the 
same reaction conditions used for the condensation between compound II and compound III. 
By the above reaction the compounds of formula 

20 



25 



30 




-Z-A (IX) 



wherein Z, A, R2, Rg and R4 have the above reported meanings, are obtained. 

The compounds of formula IX can be easily converted into the corresponding compounds of formula 
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-Z-CHO (X) 



45 



wherein Z, R2, Ra and R* have the above reported meanings; 
by using known reactions depending on the nature of A. 

The compounds of formula X can be converted into the compounds of formula 1-A wherein Ri = OR5 by 
the series of reactions reported in scheme B. 



so 



Scheme B 



65 
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N-Z-CH-CH a -CH-CH a -COR 



I -A (R^ORe) 



wherein R2.R3.R4., R5 and Z have the above reported meanings; 
40 the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration. 

Reactions 1 and 2 in scheme B are carried out analogously to reactions 1 and 2 in scheme A, which 
have been already described and commented. 

Then, the compounds of formula l-A wherein R,=ORs can be transformed into the compounds of 
formula l-A wherein R1 = OH, into the compounds of formuia l-B or into the salts thereof according to known 
45 reactions. 

An alternative process for the preparation of the compounds of formula I comprises known cyclization 
reactions of amines to give imidazoles as reported, for example, In "Rodd's Chemistry of Carbon 
Compounds", II Ed., IVc, 124. (1986), Elsevier, starting from compounds of formuia 



50 
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HaN-Z-CH-CHa-CH-CHa-C-OR, 



(XIII) 



wherein Z, Rs and R9 have the above reported meanings; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration. 
The compounds of formula XIII are new and they are a further object oflhe present invention. 
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Their preparation is reported in scheme C. 



Scheme C 



OR* OR* 0 
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OR* 
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0 \ H a N-Z-CH-CH a -CH-CH a 
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Y~Z-CH~CH a -CH-CH:,-C-ORv 



(III) 



(XIII) 




OR* OR* 0 




(XIV) 



wherein Y, Z, Rs and R9 have the above reported meanings; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration. 

Reactions 1 and 2 in scheme C are carried but by reacting the compounds of formula ill with ammonia 
or with benzylamlne respectively in an inert solvent selected, in particular, among aprotic dipolar solvents 
optionally In admixture with a chlorinated solvent, at a temperature betwesn -20 *C and 50 *C and under 
anhydrous conditions. The route through reactions 2 and 3 is used when Z={CH2) m . 

The debenzylatton of the benzyl derivative of formula XIV is carried out by known methods, for example 
with formic acid in ethanol in the presence of palladium on charcoal at 50* C in order to give the compound 
of formula XIII. 

The compounds of formula I are inhibitors of the enzyme HMG-CoA reductase and, consequently, they 
can be used in the pharmaceutica] field as antihypercholesterolemic and antiatherosclerotic agents. The 
pharmacological activity of the compounds object of the present invention was evaluated by in vitro tests 
(example 14). 

For the practical use In therapy the compounds of formula I can be used in the form of pharmaceutical 
compositions which are another object of the present invention. The suitable pharmaceutical compositions 
depend on the selected administration route. 

Examples of such compositions are solid pharmaceutical compositions for oral use such as capsules, 
tablets and granulates, liquid pharmaceutical compositions for parenteral use such as solutions or freeze- 
dried powders to be diluted at the moment of use. 

The compositions can contain one or more compounds of formula I as active ingredient together with 
suitable excipients for pharmaceutical use depending on the kind of the composition. 

The preparation of the compositions is carried out according to traditional techniques. 

Optionally, the compositions object of the present invention can contain an association of a compound 
of formula I with another active ingredient For this purpose, bile acid sequesterlngs, nicotinic acid 
derivatives and cholesterol acy {transferase (ACAT) inhibitors are particularly suitable. 

The doses of the compounds of formula I to be administered change depending on several factors such 
as the selected composition, the symptoms and the age of the patient 

In any case, the daily dose will be between 10 and 500 mg to be administered in a single dose or in 

repeated doses. 

In order to better illustrate the present invention, the following examples are given. 
Example 1 

Preparation of 4,5-dH4-fluorophenyl)-2HsopropyHmidazole 

Ammonium acetate (1.6 g; 20.31 mmol) was added to a solution of di-(4-fluorophenyl)-ethanedione 
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(0.365 g; 1.483 mmol) and of isobutyraldehyde (150 ul; 1.631 mmol) In acetic acid (7.5 ml). The mixture 
was heated under reflux for 1.5 hours. 

At the end, the reaction mixture was diluted with water (20 ml), baslfied with NaOH at 40%, and the 
mixture was extracted with ethyl acetate (3 x 20 ml). 

The combined organic phases were washed with a saturated sodium chloride solution (40 ml) and dried 
on anhydrous sodium sulfate. The solvent was evaporated obtaining a crude compound (0.5 g) which was 
collected with warm ethyl ether. 

After cooling the solid was filtered obtaining the title compound as a white solid (m.p. 253-255' C). 
'H-NMR (60 MHz, DMSO); 6 (ppm): 1.33 (6H, d); 3.07 (1H, m); 6.90-7.80 (8H, m). 
Mass (chemical ionization, positive ions, isobutane): m/e 299 (M + 1)* 
By working in a similar way the following compounds were prepared: 
4 < 5-di-(4-fluorophenyl)-2-cyclobutyl-imida zole 

'H-NMR (300 MHz. CDCI 3 ): 5 (ppm): 1.85-2.10 (2H, m); 2.38 (4H, m); 3.64 (1H, m); 6.99 (4H, t); 7.40 (4H. 

dd). 

Mass (chemical ionization, positive ions, ammonia): m/e 311 (M + 1)* 

4,5-di-(4-fluorophenyl)-2-cyclopropyl-imidazole 

m.p. 250-252 C 

'H-NMR (300 MHz, DMSO): 8 (ppm): 0.93 (4H, m); 1.96 (1 H, m); 7.08 (2H, t); 7.23 (2H. t); 7.40 (4H, dd). 
Mass (chemical ionization, positive ions, ammonia): m/e 297 (M + 1)* 
4,5-dI-(4-fluorophenyl)-2-isopropenyHmldazole 

'H-NMR (300 MHz, CDCIs): 5 (ppm): 2.25 (3H, s); 5.23 (1H, s); 5.61 (1H, s); 7.02 (4H, t); 7.40 <4H, dd). 
Mass (chemical ionization, positive ions, ammonia): m/e 297 (M + 1)* 



Preparation of (syn)-^-^^ 

heptanoic acid ethyl ester " ~ : 



4,5-Di-(4-fluorophenyl)-2-isopropy!-imidazole (267 mg; 0.896 mmol), prepared as described in example 
1, was added to a suspension of NaH (39 mg; 0.896 mmol) in a mixture of dimethox- 
yethane:dimethylformamide (ratio 2:1; 4.5 ml) at 0* C under nitrogen atmosphere. 

The suspension was kept under stirring at 50* C for 30 minutes. Then, the reaction mixture was cooled 
to room temperature and a 0.2M solution of (syn)-3 f 5-di-(diphenyl-tert.butyl-silyloxy)-7-trifluoromethylsul- 
fonyloxy-heptanoic acid ethyl ester in carbon tetrachloride (4.5 ml; 0.896 mmol) was added. 

The reaction mixture was kept under stirring at room temperature for 72 hours and, then, it was poured 
into a saturated sodium bicarbonate solution (20 ml) and extracted with ethyl ether (4 x 25 ml). 

The combined organic phases were washed with water, dried on anhydrous sodium sulfate and 
evaporated to dryness. 

The resultant crude compound was purified by chromatography on silica gel (230-400 mesh), eluent 
petroleum ethenethyl acetate =» 85:15, obtaining the pure title compound as an oil. 

'H-NMR (300 MHz, ODCh): 5 (ppm): 0.93 (18H, s); 1.16 (3H, t); 1.23 (3H, d); 1.25 (3H, d); 1.40 (2H, m); 1.60 
(2H, m); 2.06 (1H, dd); 2.14 (1H, dd); 2.68 (1H, m); 3.49 (2H, m); 3.79 (1H ( m); 3.96 (2H, m); 4.06 (1H, m); 
6.84 (2H f t); 6.92 (2H, t): 7.04 (2H, dd): 7.25-7.60 (22H, m). 
By working in a similar way the following compounds were prepared: 

(synJ-3,5-di-(diphenyl-tertbutyl-sn^ acid ethyl ester 

^-NMR (300 MHz, CDCIa): 8 (ppm): 0.90 (9H, s); 0.93 (9H, s); 1.14 (3H, t); 1.48 (2H ( m); T6912FT m)TT.85 
(3H, s); 2.16 (3H, s); 2.18 (2H, m); 3.64 (2H, m); 3.90 (1H, m); 3.96 (2H, m); 4.13 (1H. m); 7.20-7.45 (17H, 
m); 7.50-7.60 (8H, m). 

(syn>3 > 5-di-(diphenyi-tert.butyl^ acid ethyl ester 

'H-NMR (300 MHz, CDCIa): 8 (ppm): 0.90 (9H, s); 0.91 (9H, s); 1.39 (2H, m); 1.60 (2H, m)T zW(THTm 
2.16 (3H, s); 2.18 <1H. dd); 3.46 (2H. m); 3.77 (1H, m); 3.98 (2H. m); 4.09 (1H, m); 7.05-7.60 (30H, m). 
(syn)-3 t 5-dHdiphenyl-teitbutyl-sily^ acid 
ethyl ester [ \ "~ 

'H-NMR (300 MHz. CDCb): 5 (ppm): 0.91 (9H, s); 0.94 (9H, s); 1.17 (3H, t); 1.39 (2H, m); 1.62 (2H, m); 1.85- 
2.60 (8H, m); 3.15-3.30 (1H, m); 3.38 (2H, m); 3.76 (1H, m); 3.98 (2H, m); 4.02 (1H, m); 6.87 (2H, t); 6.92 
(2H, t); 7.01 (2H, dd); 7.3O-7.80 (22H, m). 

(3yn)-3,5-di-(diphenyl-tBrt.butyl-silyloxy)-7-[4,5-dK4-fluorophen 
acid ethyl ester 



Example 2 
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'H-NMR (300 MHz, CDCfe): 6 (ppm): 0.90 {9H, s); 0.91 (9H, s); 0.93 (4H. m); 1.40-1.70 (5H, m); 2.10 (1H. 
dd); 2^0 (1H, dd); 3.60 (2H, m); 3.83 (1H, m); 3.98 <2H, m); 4.03 (1H. m); 6.84 (2H. t); 6.93 (2H, t); 7.03 (2H. 
dd); 7-25-7.65 (22H, m). 
(syn)-3,5Kii-(dIphenyl-tert.butyl-silylo^ 
add ethyl ester 

T FFNMRl3WMHz f CDCIa): 5 (ppm): 0.86 (9H, s); 0.93 (9H, s); 1.17 (3H, t); 1.40 (1H, m); 1.58 (3H, m); 2.03 
(1H, dd); 2.11 (3H # s); 2.14 (1H, dd); 3.60 (2H, m); 3.65 (1H, m); 3.98 (2H, m); 4.12 (1H. m); 5.00 (1H, s); 
5.22 (1H, s); 6.86 (2H, t); 6.93 (2H, t); 7.04 (2H, dd); 7.25-7.45 (18H, m); 7.56 (4H. t). 

Example 3 

. Preparation of trans-6-[2-[4 t 5-di-(4-fluoropheny^ 
2-one 

A solution of (synJ-S.S-di^diphenyl-teitbutyl-silyloxyJ^-^.S-di-f^f iuorophenyl)-2-isopropyl-imidazol-1 - 
yl]-heptanoic acid ethyl ester (0.207 g; 0.2155 mmof), prepared as described In example 2, in a mixture of 
acetonitrile and of hydrofluoric acid at 40% in water (4.3 ml) was kept under stirring at 50* C for 10 hours. 

Hydrofluoric acid was neutralized by powdered sodium bicarbonate, the mixture was diluted with a 
slight amount of water and with ethyl acetate (20 ml), the salts were filtered and the solution was extracted 
with ethyl acetate (3 x 20 ml). 

The combined organic phases were washed with a saturated sodium chloride solution, dried on sodium 
sulfate and evaporated. 

The resultant crude compound was purified by chromatography on silica gel (230-400 mesh), eluent 
methylene chloride:acetone = 7:3, yielding the pure compound (0.052 g) as an oil which was collected with 
warm ethyl ether. 

After cooling and filtration, the title compound was obtained as a white solid (rn.p. 197-198* O). 
1 H-NMR (300 MHz, CDCia): 5 (ppm): 1.41 (3H, d); 1.43 (3H, d); 1.50-1.85 (4H, m); 2.55 <1H, dd); 2.63 (1H, 
dd); 3.11 (1H f m); 4.00 (2H. m); 4.27 (1H, m); 4.51 (1H, m); 6.87 (2H, t); 7.15 (2H, t); 7.30 (2H, dd); 7.35 (2H, 
dd). 

Mass (chemical ionization, positive ions, methane): m/e 441 (M + 1)*; 423 
By working in a similar way the following compounds were prepared: 
trans-e-p^S-dime^ 
m.p. 132-136 C 

'H-NMR (300 MHz, CDCU): « (ppm): 1.55 (1H, m); 1.71 (1H, td); 1.70-1.95 (2H, m); 2.17 (3H, s); 2.22 (3H, 
s); 2.50 (1H. dd); 2.59 (1H, dd); 4.12 (2H, m); 4.22 (1H. m): 4.50 (1H, m); 7.35-7.45 (3H, m); 7.51 (2H, dd). 
Mass (chemical ionization, positive ions,; isobutane): m/e 315 (M + 1)*; 297 
trans-6-[2-(4,5-diphenyl-2-methyl-imta 
m.p. 201-203 C 

1 H-NMR (300 MHz, CDCIa): 5 (ppm): 1.53 (1H, m); 1.60-1.85 (3H, m); 2.52 (3H, s); 2.53 (1H, dd); 2.61 (1H, 
dd); 3.96 (2H, m); 4.26 (1H. m); 4.50 (1H, m);" 7.05-7.20 (3H, m); 7.30-7.50 (7H, m). 
Mass (chemical ionization, positive ions, ammonia): m/e 377 (M + 1)*; 359 
trans-6-£-[^^ 
m.p. 130-132 C : 

1 H-NMR (300 MHz, CDCIa): S (ppm): 1.50-1.85 (4H, m); 1.95-2.20 (2H, m); 2.39 (2H, m); 2.50-2.70 (4H, m); 
3.63 (1H, m); 3.86 (1H, m); 3.98 (1H, m); 4.27 (1H, m); 4.50 (1H, m); 6.88 (2H, t); 7.15 (2H, t); 7.28 (2H, dd); 
7.37-(2H..dd). 

Mass (chemical Ionization, positive ions, ammonia): m/e 453 (M + 1 )*; 435 

trans-6-[2-[4,o^i-(4-fluorophenyl)^ 

m.p. 131-132 C 

1 H-NMR (300 MHz, CDCIa): 5 (ppm): 1.04 (2H, m); 1.16 (2H, m); 1.60 (1H, ddd); 1.75 (1H, td); 1.90 (2H, m); 
2.55 (1H, dd); 2.64 (1H, dd); 4.11 (2H, m); 4.29 (1H, m); 4.60 (1H, m); 6.86 (2H, t); 7.16 (2H, t); 7.31 (4H, m). 
Mass (chemical ionization, positive ions, ammonia): m/e 439 (M + 1) ; 421 
trans-6-[2-[4,5-di-(4-fiuorophenyl)-2-isopro^ 
m.p. 170-172 C 

1 H-NMR (300 MHz, CDCIa): * (ppm): 1.55 (1H. ddd); 1.71 (1H. td); 1.80 (2H, m); 2.27 (3H, s); 2.54 (1H, dd); 
2.63 (1H. dd>; 4.05 (1H. m); 4.21 (1H, m); 4.29 (1H, m); 4.46 (1H, m); 5.34 (1H, s); 5.51 (1H, s); 6.88 (2H, t); 
7.18 (2H,t); 7.33 (2H, dd); 7.38 (2H, dd). ' 
Mass (chemical ionization, positive ions, ammonia): m/e 439 (M + 1 )*; 421 
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TraTO-6-[2-[4 f 5-di-(44luorophenyl)-2^sopropyM was 
treated with 0.1 M aqueous sodium hydroxide solution. 

A portion of the resultant solution was freeze^dried obtaining 7-[4 f 5-di-(4-fluorophenyf)-2Hsopropyl- 
irnidazoM-yl>3 f 5-dihydroxy-heptanoic add sodium salt, 
s By acidification of the remaining sodium salt solution with hydrochloric acid up to pH 6 and subsequent 
extraction, T^^-di^fluorophenyl^aHsopropyl-imidazol-l-yn-S.S^ihydroxy-heptanoic acid was obtained. 

Example 4 

io Preparation of (syn)-3,5-dt-(diphenyl-tert.butyl-silyloxy)"7-amino*heptanoic acid ethyl ester 



A 0.2M solution of (syn)-3,5-di-(diphenyl-tert.butyl-S!^ acid 
ethyl ester in carbon tetrachloride (15 ml; 3 mmol) was added to a saturated solution of ammonia in 
chloroform (25 ml) under nitrogen. 

75 The reaction mixture was kept under stirring at room temperature for 22 hours and, then, poured into 
water (50 ml). 

The phases were separated and the organic phase was washed with water (2 x 25 ml), dried on 
anhydrous sodium sulfate and evaporated. The resultant crude compound was purified by chromatography 
on silica gel (230-400 mesh), eluent methylene chloride:methanoi =95:5, yielding the pure title compound as 
20 an oil. 

1 H-NMR (300 MHz, CDCfe): 6 (ppm): 0.95 (9H, s); 0.97 (9H, s); 1.17 (3H, t); 1.33 (2H, m); 1.74 (2H, m); 2.25 
(1H, dd); 2.35 (1H, dd); 2.42 (2H, t); 3.88 (1H, m); 4.00 (2H, m); 4.26 (1H, m); 7.29-7.45 (12H. m); 7.55-7.65 
(8H, m). 

» 

25 Example 5 

Preparation of (syn)-3,5-dl-(diphenyRert.butyl-silyloxy)-7-benzylamino-heptanoic acid ethyl ester 



A 0.2M solution of (syn)-3,5-di-(diphenyl-tert.butyl-sity^ acid 
30 ethyl ester in carbon tetrachloride (17 ml; 3.45 mmol) was added to a solution of benzylamine in 
drmethoxy ethane (380 ill; 3.45 mmol), at room temperature and under nitrogen. 

The reaction mixture was kept under stirring at room temperature for 36 hours, then, it was poured into 
a saturated sodium bicarbonate solution (30 ml) and extracted with ethyl ether (4 x 30 ml). 

The combined organic phases were washed with water, dried on anhydrous sodium sulfate and 
as evaporated. 

The resultant crude compound was purified by chromatography on silica gel (230-400 mesh), eluent 
petroleum ethenethy! acetate =8:2, yielding the pure title compound as an oil. 

1 H-NMR (300 MHz, CDCla): 8 (ppm): 0.93 (9H, s); 0.95 (9H, s); 1.17 (3H, t); 1.36 (2H, m); 1.74 (2H, m); 2.30 
(4H, m); 3.47 (2H, s); 3.87 (1H, m); 3.99 (2H, m); 4.31 (1H, m); 7.15 (2H, d); 7.20-7.45 (15H, m); 7.55-7.65 
40 (8H, m). 

Example 6 

Preparation of (syn)^,5-di-(diphenyl-tert.butyl-silyloxy)-7"amino-heptanoic add ethyl ester 
45 ' * 

Formic acid at 96% (6 ml) and palladium on charcoal at 10%, (800 mg) were added to a solution of 
(syn)-3,5-dKdlphenyl-tert.butyl-silyloxy)-7-benzyIamino-heptanoic acid ethyl ester (3.96 g; 5.13 mmol), pre- 
pared as described in example 5, in ethanol (50 mi). 

The suspension was heated at 50* C for 24 hours, 
so Then, the reaction mixture was evaporated to dryness, the residue was collected with a saturated 
sodium bicarbonate solution and extracted with ethyl ether. 

The combined organic phases were washed with water, dried on anhydrous sodium sulfate and 
evaporated. 

The resultant crude compound was purified by chromatography on silica gel (230^400 mesh), eluent 
65 methylene chloride:methanol=95:5, yielding the pure title compound as an oil. 

The physico-chemical characteristics of the compound are the same reported in example 4. 

Example 7 
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Preparation of trans-5-hydroxy-8-tetrahydropyranyfoxy-3-Qxo-6-octenoic acid ethyl ester 



Ethyl acetoacetate (1 .5 ml; 1 1 3 mmol) was added to a suspension of sodium hydride at 55% in mineral 
oil (570 mg; 13.1 mmol) in tetrahydrofuran (29 ml) at 0*C and under nitrogen atmosphere, while keeping 
the temperature at about O'C. After 10 minutes a 1.6M solution of butyllithium in hexane (7.8 ml; 12.5 
mmol) was siowly added. 

After further 10 minutes at O'C, a solution of trans^tetrahydropyranyloxy-2-butenal [EJ.Corey, 
J.W.Suggs, Tetrahedron Letters. 2647, (1975)] (2.23 g; 13.1 mmol) in tetrahydrofuran (2 ml) was added fast. 

After keeping under stirring for further 10 minutes at the same temperature, the reaction mixture was 
diluted with a saturated ammonium chloride solution (30. ml) and pH was brought up to about 5-6 with 
hydrochloric add. - 

After extraction with ethyl ether (4 x 50 ml), the combined organic phases were washed with a saturated 
sodium chloride solution (2 x 50 mi), dried on sodium sulfate and evaporated under vacuum yielding a 
crude oil (3.5 g) which was purified by chromatography on silica gel (230-400 mesh), eluent methylene 
chloride:acetone = 9:1 . 

The pure title compound was obtained as an oil. 
'H-NMR (300 MHz, CDCfe): 5 (ppm): 1.2B (3H, t); 1.47-1.90 (6H, m); 2.78 (2H, d); 3.47 (2H, s); 3.51 (1H, m); 
3.85 (1H, m); 3.97 (1H, dd); 4.14-4.27 (4H, m); 4.63 (1H, m); 5.75 (1H, dd); 5.87 (1H, td). 

Example 8 

Preparation of trar^-(syn)-3.5<lihydroxy-8-tetrahydropyranyloxy-6-octenoic acid ethyi ester 



A 1M solution of triethylborane in tetrahydrofuran (4.8 ml; 4.8 mmol) was added to a solution of 
methanol (8.7 ml) in anhydrous tetrahydrofuran (32 ml) at room temperature and under nitrogen at- 
mosphere. 

The solution was kept under stirring at this temperature for one hour, then, it was cooled at :78 # C and a 
solution of trans-5-hydroxy-8-tetrahydropyranyloxy-3-oxo-6-octenoic acid ethyl ester (1.3 g; 4.33 mmol), 
prepared as described in example 7, in tetrahydrofuran (5 mi) was slowly added under nitrogen atmosphere. 

The reaction mixture was kept under stirring at this temperature for 30 minutes; then, sodium 
borohydride (180 mg; 4.76 mmol) was added and the reaction mixture was kept under stirring at -78* C for 
3 hours. 

The reaction was stopped with a saturated ammonium chloride solution and the temperature was let 
arise up to 20 # C. The pH was corrected to 5-6 with hydrochloric acid and the resultant mixture was 
extracted with ethyl acetate (4 x 50 ml). 

The combined organic phases were dried on anhydrous sodium sulfate and evaporated. 

The resultant residue was collected several times with methanol and, after evaporation to dryness, a 
crude compound (1.5 g) was obtained and purified by chromatography on silica gel (230-400 mesh), eluent 
petroleum ether:ethyl acetate = 4:6. The pure title compound was obtained as an oil. 

1 H-NMR (300 MHz, CDCI3): 6 (ppm): 1.26 (3H, t); 1.46-1.90 (8H, m); 2,48 (2H, m); 3.50 (1H, m); .3.84 (1H, 
m); 3.97 (1H, dd); 4.16 (2H, q); 4.22 <1H, dd); 4.26 (1H, m); 4.42 (1H, m); 4.63 (1H, t); 5J4 (1H, dd); 5.83 
(IH.td). ' 

Mass (chemical ionization, positive ions, Isobutane): m/e 303 (M + 1)*; 219; 201; 183. 

* 

Example 9 

* 

Preparation of trans-(syn)-3,5-df-(dlphenyl-tefc^ acid ethyl 

ester " ; 



A solution of trans-(syn)-3,5<iihydroxy-8-tetrahydropyranyloxy-6-octenoic acid ethyl ester (960 mg; 3.17 
mmol), prepared as described In example 8, diphenyl-tert.butylsilylchloride (1 .9 ml; 7.62 mmol) and 
imidazole (865 mg; 12.7 mmol) in dlmemylformamlde (7.5 ml) was kept under stirring at 70* C for 8 hours. 
The solution was poured into water (40 ml) and extracted with ethyl ether (4 x 25 ml). 

The combined ethereal phases were washed with 0.1 M hydrochloric acid (30 ml), with a saturated 
sodium bicarbonate solution (30 ml) and with a saturated sodium chloride solution (30 ml). 

The extracts were dried on anhydrous sodium sulfate and the solvent was evaporated giving a crude 
compound (3,2 g) which was purified by chromatography on silica gel (23TMO0 mesh), eluent petroleum 
ether:ethyl acetate =93:7. 
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The pure title compound was obtained as an oil. 
t H-NMR (300 MHz, CDCfe): 8 (ppm): 0.95 (18H, s); 1.16 (3H, t); 1.41-1.80 (7H, m); 1.91 (1H, m); 2.32 (1H, 
dd); 2.43 (1H, ddd); 3.39 (1H. m); 3.61 (1H, m); 3.71 (1H t m); 3.82 (1H, m); 3.99 (2H, m); 4.15-4.30 (2H, m); 
4.36 (1 H ( m); 5.02 (1 H, td); 5.31 (1 H, m); 7.25-7.75 (20H, m). 

5 

Example 10 

Preparation of trans^syn)-3,5-dHdiphenyl-^ add ethyl ester 

io A solution of trans-(syn)3,5<ii-(dipheny!-tert^ acid ethyl 

ester (1.50 g; 1.93 mmol), prepared as described in example 9, and of p.toluenesulfonic add monohydrate 
(72 mg; 0.38 mmol) in ethanol (10 ml) was kept under stirring at room temperature for 4 hours. 

The solvent was evaporated giving a crude compound (2.6 g) which was purified by chromatography on 
silica gel (230-400 mesh), eluent petroleum ether:ethyl acetate = 8:2. 

is The pure title compound was obtained as an oil 

'H-NMR (300 MHz, CDCfe): 6 (ppm): 0.95 (9H, m); 0.97 (9H, s); 1.18 (3H, t); 1.67 <1H, td); 1.89 (1H, td); 2.40 
(1H, dd); 2.55 (1H f dd); 3.62 (2H, m); 4.00 (2H. m); 4.22 (2H, m); 5.02 (1H, td); 5.13 (1H, dd); 7.25-7.45 (12H, 
m); 7.50-7.65 (BH, m). 

20 Example 11 

Preparation of transKsyn)-3 > 5-di-(diphenyi-tert.butyl-siiyloxy)-8-chloro^cctenoic add ethyl ester 



Methylsuifonylchloride (1.72 ml; 22.15 mmol) was slowly added at 0* C to a solution of trans-(syn)-3,5- 
25 di-(diphenyl-tert.butyl-silyloxy)-8-hydraxy-6-octenoic acid ethyl ester (3.5 g; 5.03 mmoi), prepared as de- 
scribed in example 10, collldine (2.68 g; 22.15 mmol) and lithium chloride (854 mg; 20.14 mmol) in 
dimethyiformamide (10 ml). 

The reaction mixture was kept under stirring for 24 hours at a temperature between 0 and 5* C. 
Then, the mixture was poured into a saturated sodium bicarbonate solution (50 ml) and extracted with 
30 ethyl ether (3 x 50 ml). 

The combined organic phases were washed with water, dried on anhydrous sodium sulfate and 
evaporated. 

The resultant crude compound was purified by chromatography on silica gel (230-400 mesh), eluent 
petroleum ethenethyl acetate - 39:1 , giving the pure title compound as an oil. 
35 'H-NMR (300 MHz, CDCI 9 ): S (ppm): 0.94 (9H, s); 0.98 (9H, s); 1 .17 (3H, t); 1.68 (1H. m); 1.87 (1H. m); 2.35 
(1H. dd); 2.45 (1H, dd); 3.63 (2H, d); 3.99 (2H, m); 4.20 (2H, m); 5.09 (1H, td); 5.25 (1H, dd); 7.25-7.45 (12H, 
m); 7.50-7.65 (8H, m). 

Example 12 

40 

Preparation of trans-(syn)-3,5-di-(dlphenyl-m 

1-y1]-6-octenoic acid ethyl ester ; : : ~" : 



At 0*C and under nitrogen atmosphere, 4 f 5-di-(4-fluorophenyl)-2-isopropyHmldazoIe (962 mg; 3.223 
45 mmol), prepared as described in example 1, was added to a suspension of sodium hydride (77 mg; 3.223 
mmol) in dimethylsulfoxide (16 ml). 

The reaction mixture was kept under stirring at 50* C for 30 minutes and, then, it was cooled to room 
temperature. 

A solution of trans-(syn)-3>dl-(diphenyl-tert.butyhsilyloxy)-8-chloro-6-octBnolc acid ethyl ester (2.3 g; 
so 3.223 mmol). prepared as described in example 11, in dimethylsulfoxide was added and the reaction 
mixture was kept under stirring at room temperature for 15 hours. 

Then, the reaction mixture was poured into a saturated sodium bicarbonate solution (70 ml) and 
extracted with ethyl ether (4 x 50 ml). The combined organic phases were washed with water, dried on 
anhydrous sodium sulfate and evaporated to dryness. 
65 The resultant crude compound was purified by chromatography on silica gel (23CM0O mesh), eluent 
petroleum ether:ethyl acetate = 9:1 , giving the pure title compound as an oil. 

1 H-NMR (300 MHz, CDCI 3 ): S (ppm): 0.91 (9H. s); 0.95 (9H, s); 1.17 (3H, t); 1.27 (3H, d); 1.28 <3H, d); 1.63 
(1H. m); 1.88 (1H. m); 2.32 (1H, dd); 2.39 (1H, dd); 2.66 (1H, m); 3.87 (2H, d); 3.99 (2H f q); 4.13 (1H, m); 
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4.23 (1H, m); 4.91 (2H. d); 6.88 (2H, t); 6.97 (4H, d); 7.20-7.60 (22H, m). 
Example 13 

5 Preparation of trans-<trans)-6-{3-[4,5-dH4-fluorophenyfr^^ 

tetrahydropyran-2-one ~ " ~— ~~ ~ __„ _ ™ 

A solution of trans-(syn)-3,5-di : (diphenykert.buty^ 
imidazol-1-yl]-6-octenoic acid ethyl ester (823 mg; 0.946 mmol), prepared as described In example 12, in a 
10 mixture 5:2 of acetonitrile and hydrofluoric arid in water at 40% (22 ml) was kept under stirring at 50* C for 
7 hours. 

Hydrofluoric acid was neutralized with solid sodium bicarbonate. 

The reaction mixture was diluted with a little amount of water and with ethyl acetate (40 ml), the salts 
were filtered off and the mixture was extracted with ethyl acetate (3 x 40 ml). 
75 The combined organic phases were washed with an aqueous saturated sodium chloride solution, dried 
on anhydrous sodium sulfate and evaporated. 

The resultant crude compound was purified by chromatography on silica gel (230-400 mesh), eluent 
methylene chloride:acetone = 8:2, giving the title compound as a foamy solid. 

1 H-NMR (300 MHz, CDCb): 5 (ppm): 1.39 (6H, d); 1.64 (1H, ddd); 1.88 (1H, td); 2.56 (1H, dd); 2.63 (1H, dd); 
20 4.25 (1H, m); 4.37 (2H, d); 5.13 (1H. m); 5.20 (1H> dd); 5.79 (1H, td); 6.88 (2H, t); 7.10 (2H. t); 7.24 (2H, dd); 
7.37(2H,dd). 

Mass (chemical ionization, posilive ions, ammonia): m/e 453 (M+.1) f 435. 
Example 14 

25 

Evaluation of activity in vitro 

1) Preparation of hepatic microsomes 

* Male Sprague-Dowley rats (100-125 g) were kept in a cage with a controlled light-dark cycle for 7 
days, fed with a standard diet "Altromin® n and with water ad libitum. . 
30 The animals were sacrrfied by decapitation and the livers were immediately drawn and used for the 

preparation of microsomes according to the procedure described by Shapiro and RodweJI (J. Biol. 
Chem.,246, 3210, 1971), 

The resultant microsomia! pellet was suspended in phosphate buffer and preserved at -80 C. 

2) In vitro evaluation of HMG-CoA reductase activity 

35 "The activity of the enzyme HMG-CoA reductase was evaluated according to the method described 
by Goldstein and Brawn (Proc. Nat. Acad. Sci. USA, 73. 2564, 1976). 

The incubation mixture (200 Ul) consisted of: phosphate buffer 100 mM (pH 7.4), dithiothreltol 10 
miyi, EDTA 10 mM. NADP 25 mM, glucose-6-phosphate 20 mM, glucose-6-phosphate dehydrogenase 3 
U/ml, [ u C]-HMG-CoA (New England Nuclear) 100 uM (0.08 uCi), 800 ug of microsomia! proteins. 
40 Compounds of formula I or Mevastatln, as reference compound, were added to the above incubation 

mixture at different concentrations in order to evaluate the ICso values. 
As internal standard pHjrmevalolactone was used. 

Unreacted [ u C>HMG-CoA was eliminated as described by Alberts et al. (Proc. Nat. Acad. Sci. USA, 
77, 3957, 1980) by using columns containing AG 1-x8 resin (Bio-rad). . - 
45 . Then, [ u C}rmevalolactone was eluted with distilled water (3 x 750 ul) directly into vials containing 10 
ml of "Picofluor-40® w (Packard). 

The radioactivity of the samples was measured by a beta-counter series 400 (Packard). 
The so calculated ICso values showed that the compounds of formula I, object of the present 
invention, are about 2-3 times more active than Mevastatln in Inhibiting HMG-CoA reductase activity in 
so vitro. 

* * 

Claims 

1. A compound of formula 

65 
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wherein 

R is a hydrogen atom; 

Ri is a hydroxy] or an -ORs group wherein Rs is a Ci-C* alkyl or a benzyl; 

or R and R 1t together, are a single bond between the oxygen atom and the 
carbonyl group: 

Ra, Ra and R*. the same or different, are hydrogen atoms. C1-C5 alkyl or alkoxy groups, C 2 -Cs 

aikenyl groups, C3-C7 cycloalkyl or cycloalkylmethyl groups, halogen atoms, CF 3 
or CN groups, phenyl or benzyl optionally substituted by 1 or 2 substituents 
selected among halogen atoms and C1-C4. alkyl. a pyridyl or N-oxide thereof; 
Z is a -(CH2) ro - group wherein m is 1 , 2 or 3 or a -CH 2 -CH = CH-group; 

the carbon atoms marked by an asterisk are In R or S configuration and in syn relative configuration; 
and, when Ri is a hydroxyl group, the salts thereof with pharmaceuticaJly acceptable bases. 

2. A compound of formula 




(I-A) 



R3 



wherein 

Ri is a hydroxyl group or a -ORs group wherein Rs is a Ci-C* alkyl or a benzyl; 

R2, R3 and FU, the same or different, are hydrogen atoms, Ct-Cs alkyl or alkoxy groups, C2-CS 

alkenyl groups, C3-C7 cycloalkyl or cycloalkylmethyl groups, halogen atoms, CFa 
or CN groups, phenyl or benzyl optionally substituted by 1 or 2 substituents 
selected among halogen atoms and Ci-C* alkyl, a pyridyl or N-oxide thereof; 
Z is a -<CH 2 ) m - group wherein m is 1 , 2 or 3 or a -CH2-CH = CH-group; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration; 
and, when Ri is a hydroxyl group, the salts thereof with pharmaceutically acceptable bases. 

3. A compound of formula 
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OH 

R 2 * 




(I-B) 



wherein 

R2, Ra and R*. the same or different, are hydrogen atoms, Ci-Cs alkyl or alkoxy groups, C2-C5 

alkenyl groups, C3-C7 cycloalkyl or cycfoatkylmethyl groups, halogen atoms, CF 3 
or CN groups, phenyl or benzyl optionally substituted by 1 or 2 substituents 
selected among halogen atoms and C1-C4 alkyl, a pyridyl or N-oxide thereof; 
Z Is a -(CH 2 )m- group wherein m is 1 , 2 or 3 or a -Chfe-CH = CH-group; 

the carbon atoms marked by an asterisk are in R or S configuration and In syn relative configuration. 

4. A compound according to claims 1, 2 or 3 in which R2, R 3 and R*. the same or different, are hydrogen 
atoms, ci-c* alkyl or alkoxy groups, C 2 -C 3 alkenyl groups, C 8 -Cs cycloalkyl or cycloalkylmethyl groups, 
phenyl or benzyl optionally substituted by 1 or 2 substituents selected among fluorine, chlorine, 
bromine atoms and methyl groups. 

5. A compound according to claims 1, 2 or 3 in which R 2 , R3 and R4, the same or different, are methyl, 
ethyl, propyl, isopropyl. tertbutyl, methoxy, ethoxy, propoxy, isopropoxy, allyl, isopropenyl, cyclopropyl, 
cyclobutyl, phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyi or 4-methylphenyl; Z is a -iCH z ) m - 
group wherein m is 2 or a -CH 2 -CH = CH- group. 

6. A compound of formula 



OR* OR* 

i I 

Y — Z — CH- CH a -CH- CH» - COOR* ( III ) 



wherein 

Z is a •{CHaJm- group wherein m is 1 or 3 or a -CH2-CH = CH- group; 

Re is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted silyl 
groups or the two Rs together are a 

I 

Rt-C-R© 

group wherein R7 and R Bl the same or different, are hydrogen atoms, alkyl groups or phenyl 
groups; 

R9 is a C1-C4 alkyl or a benzyl; 

Y is a leaving group or a group convertible in a leaving group selected among chlorine, 
bromine, iodine, hydroxy, triphenylmethoxy, rhethylsuifonyloxy, trlfluoromethylsutfonyloxy, 
benzenesulfonyloxy and p.toluenesulfonyloxy; 
the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration. 

7. A compound of formula 
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OR* OR* 0 

I I 3 

HaN-Z-CH-CHa-CH-CHa-C-QR* (XIII > 



* » 



wherein 

Z is a -(CH 2 ) m - group wherein m is 1, 2 or 3 or a -CH 2 -CH = CH-group; 
Rs is a hydrogen atom or a protecting group of hydroxy selected among tri substituted silyl 
groups or the two R6 together are a 

I 

R?-C-R* 

group wherein R7 and Ra, the same or different, are hydrogen atoms, alkyl groups or phenyl 
groups; 

Rs is a Ci-C* alkyl or a benzyl. - 
the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration. 

8. A pharmaceutical composition containing a compound according to claim 1. as active ingredient and a 
carrier suitable for pharmaceutical use. 

Claims for the following Contracting State: Gr 

1. A process for the preparation of compounds of formula 




OR OH 0 

^ X l I \ 

N-Z-CH-CHa-CH-CHa-C-R, ( I ) 

• « 



wherein 

R is a hydrogen atom; 

R1 is a hydroxyl or an -OR5 group wherein R 5 is a C1-C4 alkyl or a benzyl; 

or R and R1, together, are a single bond between the oxygen atom and the 
carbonyl group; 

R2, R3 and FU, the same or different, are hydrogen atoms, C1-C5 alkyl or alkoxy groups, C2-C5 

alkenyl groups, C3-C7 cycloalkyi or cycloalkylmetbyl groups, halogen atoms, CF 3 
or CN groups, phenyl or benzyl optionally substituted by 1 or 2 substituents 
selected among halogen atoms and Ci-C* alkyl, a pyridyl or N-oxlde thereof; 
Z is a -{CH 2 ) m - group wherein m is 1 , 2 or 3 or a -CH 2 -CH = CH-group; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration; 
comprising the condensation between an imidazole of formula — " 
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(II) 



wherein 

R2, Rs and R4 have tha above reported meanings; 

X is a hydrogen atom or an alkali metal or a tetraaJky (ammonium group, 

and a compound of formula 



OR* . OR* 

I I 

y — 2 — CH-CHa-CH-CHa-COOR* < III > 



wherein 
Z 



has the above reported meanings; 

is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted silyl 
groups or the two R6 together are a 



- I 

group wherein R7 and Ra, the same or different, are hydrogen atoms, alkyl groups or phenyl 
groups; 

R9 Is a Ci -C* alkyl or a benzyl; 

Y is a leaving group or a group convertible in a leaving group selected among chlorine, 
bromine, iodine, hydroxy, trlphenylmethoxy, methylsulfonyloxy, trifiuoromethylsulfonyJoxy, 
benzenesulfonyfoxy and p.toluenesulfonyloxy; . v ~. 

the carbon atoms marked by. an asterisk are in R or S configuration and syn relative configuration; in an 
aprotic dipolar solvent optionally in admixture with a chlorinated solvenT at a temperature between 
-20 C and 50 C and under anhydrous conditions. 

A compound of formula 



OR* OR* 
I I 

Y — Z — CH-CH a -CH-CH a -COOR* (III) 



wherein 

2 is a -(CH 2 ) m - group wherein m is 1 or 3 or a -CH2-CH = CH- group; 

Rs is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted slJyl 
groups or the two Re together are a 

i 

R"jr~ C~Ro 

I 
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Rs 
Y 



group wherein R? and R*, the same or different are hydrogen atoms, alky! groups or phenyl 
groups; 

is a C1-C4 aikyl or a benzyl; 

is a leaving group or a group convertible in a leaving group selected among chlorine, 
bromine, iodine, hydroxy, triphenylmethoxy. methyteutfonyloxy, trifluoromethylsulfonyloxy. 
benzenesulfonyloxy and p.totuenesulfonyioxy; 
the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration. 

3. A compound of formula 



OR* OR* 



0 

J 

H a N-Z-CH-CT a -CH-CH a -C-OR,, 



I 



I 



(XIII) 



wherein 

Z is a -(CH2) m - group wherein m is 1, 2 or 3 or a -CH 2 -CH = CH-group; 
Rs is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted silyl 
groups or the two Rs together are a 

I 

R«p~C~Ro 

group wherein R 7 and Ra, the same or different, are hydrogen atoms, aikyl groups or phenyl 
groups; 

Rs is a C1-C4 aikyl or a benzyl, 
the carbon atoms marked by an asterisk are In R or S configuration and syn relative configuration. 

Claims for the following Contracting State: Es 

1. A process for the preparation of compounds of formula 




OR 



•Z-CH-CH; 



OH 



( -CH-CH s 
« 



0 

II 



(I) 



wherein 
R 
Ri 



R2, R3 and Ri, 



fs a hydrogen atom; 

Is a hydroxyl or an -ORs group wherein Rs is a C1-C4 aikyl or a benzyl; 
or R and Ri, together, are a single bond between the oxygen atom and the 
carbonyl group; 

the same or different, are hydrogen atoms, Ci-Cs aikyl or alkoxy groups, C2-C5 
alkenyl groups, C 3 -C7 cycloalkyl or cycloalkylmethyl groups, halogen atoms, CF 3 
or CN groups, phenyl or benzyJ optionally substituted by 1 or 2 substituents 
. selected among halogen atoms and C1-C4 aikyl, a pyridyl or N-oxIde thereof; 
Z is a -(CH 2 ) m - group wherein m Is 1 , 2 or 3 or a -CH 2 -CH = CH-group; 

the carbon atoms marked by an asterisk are in R or S configuration and in syn relative configuration; 
comprising the condensation between an imidazole of formula — 
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(II) 



Ri Ra 



wherein 

R2, Ra and R 4 have the above reported meanings; 

X is a hydrogen atom or an alkali metal or a tetraalkylammonium group, 

and a compound of formula 



OR* OR* 

I I 

Y — 2 — CH-CH a -CH-CH a -COOR* (III) 
« * 

wherein 

Z has the above reported meanings; 

R6 Is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted silyl 
groups or the two Re together are a 

I 

Rt-C-Ro 

group wherein R 7 and Ra, the same or different are hydrogen atoms, alkyl groups or phenyl 
groups; 

Rg is a Ci-C* alkyl or a benzyl; 

Y is a leaving group or a group convertible in a leaving group selected among chlorine, 
bromine, iodine, hydroxy, trlphenylmethoxy, methylsulfonyioxy, trifluoromethylsulfonyloxy. 
benzenesulfonyloxy and p.toluenesulfonyloxy; 

the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration; 

in an aprotic dipolar solvent optionally in admixture with a chlorinated solvent, at a temperature between 

-20 * C and 50* C and under anhydrous conditions. 

■ 

A process for the preparation of compounds of formula 

OR* OR* 
II 

y — 2 — CH-CHa-CH-CH a -COOR v (III ) 

* » 



wherein 

Y, R* and R9 have the meanings reported In claim 1 ; 

Z is a -(CH 2 ) m - group wherein m is 1 or 3 or a -CH 2 -CH = CH- group; 

the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration; 
comprising the stereospecific reduction of a compound of formula 
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OH 0 
I \ 

R, 0 -0-Z-CH-CH a -C-CH 2 -COOR v (VI > 



wherein 

Z and Rg have the above reported meanings; 

Rio tea hydroxy protective group selected between tetrahydropyranyl and triphenylm ethyl; 

to give a compound of formula 



OH OH. 0 

I I 9 

Ri o-0-Z-CH-CH*-CH-CH*-CORv (VII) 



wherein 

Z, Rg and Rio have the above reported meanings; 
and its transformation into the corresponding compound of formula HI. 

3. A process for the preparation of compounds of formula 



OR* OR* 0 

I ! I 

H a N-Z-CH-CHa-CH-CH a -C-OR* (XIII ) 

« » 



wherein 

Z is a -(CH 2 ) ro - group wherein m is 1 , 2 or 3 or a -CH 2 -CH = CH-group; 
Rs is a hydrogen atom or a protecting group of hydroxy selected among trisubstituted silyl 
groups or the two Rs together are a 

» - 

i 

R'7~C — R« 



- group wherein R 7 and Rs, the same or different, are hydrogen atoms, alkyl groups or phenyl 
groups; 

Rg is a Ct-C* alkyl or a benzyl; 
the carbon atoms marked by an asterisk are in R or S configuration and syn relative configuration; 
comprising, the reaction of a compound of formula 



OR* OR* 

I I 

Y — Z — CH-CHa-CH-CHa-COOR* ( III ) 

wherein 

Z, Re and Rg have the above reported meanings; 

Y has the meanings reported in claim 1 ; 

with ammonia or with benzylamine in an aprotic polar solvent optionally in admixture with a chlorinated 
solvent at a temperature between -20* C and 50* C and under anhydrous conditions and the optional 
debenzylation. 
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